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Heating Degree Days in Iowa Relative to Home Natural Gas Consumption, 
Conservation Efforts, and Long-Term Trends 
RICHARD E. CARLSON1 
Agronomy Department, Iowa State University, Ames, IA 50011 
A methodology is presented to assess the effectiveness of conservation efforts relative to home heating. Billing period heating degree days 
and natural gas consumption relationships are established for a typical household for nineteen heating seasons using simple linear 
regression. Associated correlations (r2 values) were greater than 0. 95 for nineteen different seasons. Regression coefficients (b0 and b1) were 
found to decrease with time indicating reduced natural gas consumption due to conservation efforts. Procedures are presented to illustrate 
dollar savings relative to conservation efforts using the regression relationships. 
Long-term trends for heating degree days at the Ames, Iowa weather station reveal no striking trends for the period from 1900 through 
1990, but differing patterns of interannual variability are identified. 
INDEX DESCRIPTORS: Climate change, Climate variation, Home winterization, Conservation assessment, Heating degree days. 
Heating degree days constitute a thermal index computed from 
daily temperatures that are reported by standard climatic services. It is 
a useful index because it is highly correlated with the amount of fuel 
used for space heating. Heating fuel suppliers use this index to 
estimate consumer fuel needs throughout the heating season. 
On a daily basis heating degree days are calculated as the difference 
between 65°F (19°C) and the daily average temperature, (Max + 
Min)/2. For example, if the daily average temperature is 50°F (10°C), 
then 15 heating degree days have occurred for that day (9 heating 
degree days on the Celsius scale). Daily values can then be accumulated 
over any desired time period. If average daily temperatures exceed 
65°F (19°), then no heating degree days are accumulated, because most 
households or businesses consume no heating fuel under that air 
temperature environment. Although it is likely that individual house-
holds or businessees regulate their own fuel consumption at tempera-
tures different from this base, it serves as a basis for comparison. In 
addition, on a day-to-day basis, other weather factors, such as solar 
radiation (cloudiness) or winds, influence the fuel consumption for 
that day. However, Carlson et al. (1985) showed that billing period 
accumulations of heating degree days correlated well with the natural 
gas consumption patterns for three Ames, Iowa households. 
Because of current unrest in the world, heating fuel prices have been 
unsettled. In addition, popular media frequently give accounts of a 
possible changing global climate due to increasing emissions of carbon 
dioxide, a product of fossil fuel combustion, and other "greenhouse 
gases." For these two reasons, a study was initiated to analyze Iowas 
long-term patterns for heating degree days, to update some of the 
material presented by Carlson et al. (1985), and to illustrate methodol-
ogy by which these ideas can be used by individuals to evaluate and, 
possibly adjust their own fossil fuel consumption patterns and conser-
vation efforts. This could lead to reduced emissions of carbon dioxide 
to our fragile atmosphere. 
METHODS 
Weather data consisting of daily maximum and mm1mum air 
temperatures for the period from 1900 through 1980 were obtained 
from R.H. Shaw (personal communition) for Ames, Iowa. Data 
following 1980 were extracted from local climatological data (U.S. 
Department of Commerce, 1981-1990). Total heating degree days 
were calculated for each month for the period from 1900 through 
1990. 
In a separate analysis, similar values were calculated using the Ames 
weather station for the period from September, 1971 through January, 
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1991 to coincide with each monthly billing period for my own 
household. This data set also included the natural gas consumption for 
each billing period. Simple linear regression analyses were used to 
establish relationships between billing period natural gas consump-
tion and heating degree days for each winter heating season. 
RESULTS 
Figs. 1 and 2 show the author's monthly natural gas costs and usage 
for each billing period from September, 1971 through January, 1991. 
The price trends in Fig. 1 reveal large increases in 1976-77 and 1981-82 
with peak costs declining somewhat since 1984. A downward usage 
trend in consumption is evident from Fig. 2. Variation in these cost 
and usage patterns relates to winter severity, conservation efforts, 
inflation, and changes in per unit fuel costs. These issues will be 
addressed later. 
Fig. 3 gives an indication of winter severity as measured by heating 
degree days calculated for the corresponding billing periods compar-
able to Figs. 1 and 2. Predictably, considerable year-to-year fluctuation 
is evident in this record. 
By examination of Figs. 2 and 3, it is difficult to determine whether 
conservation efforts have been fruitful for this household. When the 
heating season following some conservation effort is exceptionally 
warm or cold, it is impossible to judge the true effects of the 
conservation effort. This issue was raised in the Carlson et al. (1985) 
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Fig. 1. Consecutive billing period natural gas costs($) from September, 
1971 until January, 1991. 
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Fig. 2. Consecutive billing period natural gas consumption (cubic feet 
or therms) from September, 1971 until January, 1991. 
To eliminate these problems, natural gas consumption and heating 
degree days for corresponding billing periods each winter heating 
season were related by linear regression techniques. In this analysis, all 
months were included each year to reflect changing patterns for this 
households total natural gas consumption. Thus, water heating and 
outside lighting are included with space heating needs. The correla-
tion and regression equation coefficients are given in Table 1 for each 
season with regression equations for three individual years plotted in 
Fig. 4. All correlations in Table 1 exceed 0.94, therefore, a good 
relationshp exists for each year. Also, examination of the regression 
coefficients in Table 1 shows that both coefficients, b0 and b1, have 
generally decreased throughout this nineteen year period. The reduc-
tion in the magnitude of these two regression coefficients indicates less 
Table 1. Linear regression correlations and coefficients for 
each winter heating season. 
Regression Parameters 
Winter Heating Season r2 bol bl 
71-72 0.95 82.14 0.15 
72-73 0.99 59.07 0.17 
73-74 0.99 48.91 0.15 
74-75 0.97 41.79 0.16 
75-76 0.98 45.04 0.17 
76-77 0.98 47.60 0.16 
77-78 0.99 39.74 0.12 
78-79 0.98 32.68 0.14 
79-80 0.97 35.34 0.14 
80-81 0.96 30.70 0.13 
81-82 0.97 34.40 0.12 
82-83 0.95 38.75 0.10 
83-84 0.98 34.54 0.11 
84-85 0.96 28.28 0.10 
85-86 0.98 31.03 0.11 
86-87 0.95 33.96 0.09 
87-88 0.98 35.85 0.11 
88-89 0.99 30.35 0.13 
89-90 0.99 23.84 0.12 
1The regression equation was of the form y=b0 +b 1 *X where 
y =estimated natural gas consumption and X =heating degree days 
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Fig. 3. Consecutive billing period heating degree days from September, 
1971 until January, 1991. 
natural gas consumption for a given level of heating degree day units 
during a billing period (see Fig. 5 ). A monthly heating degree value of 
1200 was chosen for each year to represent a relatively cool month (see 
Fig. 3). Then by using the regression equation established for each 
winter heating season in Table 1, an estimate of natural gas consump-
tion was calculated. Major consumption pattern changes occurred 
beginning in 197 3, 1977, and 1982. The reduction from 197 I to 1986 
is approximately 45%. 
Over this nineteen year period the author's family has obviously 
changed its response to many physical and social factors. Unfor-
tunately, accurate records were not kept for general thermostat set-
tings, when the attic was re-insulated, or when the girls went off to 
college and the household used less hot water and space heating. The 
point of this report is to illustrate a method by which overall hom.eho\d 
consumpton patterns or the results of a conservation effort can be 
evaluated. 
A more persuasive illustration is given in Fig. 6. A dollar amount of 
savings is calculated for each billing period by using current natural 
gas consumption, actual heating degree days, current natural gas 
prices, and the 1971-73 regression equation. The latter is used as a base 
line, reflecting natural gas consumption before the conservation efforts 
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Fig. 4. Billing period natural gas consumption versus heating degree 
days for three selected seasons. 
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Fig. 5. Estimated natural gas consumption based on 1200 heating 
degree day billing periods for nineteen heating seasons beginning in 
1971. 
took place. In this analysis, the actual heating degree value of each 
billing period is inserted into the 1971-73 regression equation. In 
other words, the natural gas consumption is calculated as if the 
conservation level was as in 1971-7 3. This usage is multiplied by the 
current natural gas price to produce an estimated dollar cost under the 
1971-73 scenario. Finally, the actual billing period natural gas cost is 
then subtracted from the estimated cost. This difference reflects dollar 
savings for each billing period. As can be seen in Fig. 6, considerable 
dollar savings were achieved. Please note that the dollar savings would 
be less, if a different base period other than 1971-73 was used because 
those years represented the most intense use of fossil fuels in the 
authors household. Still, by using these criteria calculations indicate 
that over these nineteen years $4300 and 10,300 cubic feet of natural 
gas have been saved. 
Another sample application of this general procedure would be in 
the evaluation of the economic benefits resulting from an individual 
conservation effi::>rt. Assume that in a previous year X dollars were 
spent for ceiling insulation. Establishing before and after linear regres-
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Fig. 6. Consecutive billing period savings ($) from September, 1971 
until January, 1991. 
requirements for the conservation effort in question. Just going 
through this process should instill the "conservation ethic" into the 
participant. As a matter of fact, the maximum in Fig. 5 for 1988 
spurred the author to write this report. This general procedure would 
seem to be an excellent high school science class project. By using their 
own families' recent natural gas usage records and local weather data, 
many comparisons could be made between households. These projects 
could be easily adapted to provide students additional computer 
training. 
From a different respective, heating degree day totals from Decem-
ber through February (official winter season) of each year since 1900 are 
given in Fig. 7 for the Ames weather station. Trends upward or 
downward could not be established statistically, but extremes and 
periods of low year-to-year variation deserve mention. The recent 
winters of 1977-79 and the winter of 1936 were extremely cold and 
produced very high heating requirements. Also, numerous cold win-
ters between 1900 and 1920 were experienced by Iowas citizens. Of 
interest, and noted by Carlson (1990), is the small year-to-year varia-
tion from the late 1930s to the mid 1970s. For some unknown reason, 
there was little variation in temperatures during this period. The only 
exceptions were 1944 and 1954. Since the mid-1970s, our winters have 
fluctuated from very mild to very bitter. 
Fig. 7 tells where we have been, but not what is ahead. If "global 
warming" in future decades comes to fruition, as discussed by 
Schneider (1990), then heating requirements will probably be lower 
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Fig. 7. Heating degree days for December through February for the 
time period from 1900 through 1990 for Ames, Iowa. 
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